Abstract. Calcium sprays (CaCl 2 , Mora-Leaf-Ca + Link Ca, or Stopit) increased fruit Ca concentrations and reduced the incidence of cork spot of 'Anjou' pears (Pyrus communis L.) during four seasons. All Ca sprays increased yield relative to the control. All sprays resulted in some injury to leaves and fruit, but fruit was acceptable for marketing. At the low rate, Stopit sprays were the least injurious. Early season sprays, in June to July, produced less leaf and fruit injury than late-season sprays, in July to August, or early + late-season sprays. Early or late-season Ca sprays resulted in slightly larger fruit than early + late sprays. Either late or early + late-season sprays led to higher Ca concentrations in fruit cortex than early sprays.
June) of Ca were slightly more effective than two sprays in July and August (Richardson and Lombard, 1979) .
The goals of our study were to determine an effective Ca spray material and spray timing for increasing fruit Ca concentrations and reducing the incidence of cork spot while limiting Ca-spray phytotoxicity to leaves and fruit of 'Anjou' pears to acceptable levels.
Materials and Methods
A uniform block of 25-year-old 'Anjou' pear trees grown on 'Bartlett' pear seedling rootstocks was selected for the study. Trees were spaced at 6.4 × 5.5 m with a guard tree separating sprayed trees and a grass cover crop growing underneath. The orchard was located near Cashmere, Wash. The soil was a Burch Because potential Ca spray injury to 'Anjou' pear leaves and fruit has been a concern in the Pacific Northwest, Ca sprays were not recommended until the mid-1980s. Raese and Stahly (1982) reported that halving calcium chloride (CaCl 2 ) rates recommended for apple to only 179 g/100 liters or using a surfactant (Regulaid) with CaCl 2 reduced spray injury to leaves and fruit of 'Anjou' pears.
Adequate Ca in fruit of 'Anjou' pears is necessary for control of certain disorders, especially cork spot (Mason and Welsh, 1970; Raese, 1989; Richardson and Al-Ani, 1982; Woodbridge, 1971) . Calcium sprays are one way of increasing Ca in fruit of 'Anjou' pears (Raese, 1988; Raese and Drake, 1993; Raese and Stahly, 1982; Richardson and Lombard, 1979) .
The most effective time of the growing season to apply Ca has not been established. Since growing conditions vary with each season, it is important to examine the effects of spraying 'Anjou' trees with Ca at various times of the growing season over several years. For example, a 1-year study indicated that a single application of Ca spray in July or August was more effective for control of cork spot of 'Anjou' pear than a single spray in May or June, yet two early season sprays (May and (25.2, 26.8, 25.7, and 26.2C for 1986, 1987, 1988, and 1989, respectively 
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and weighed. Overall appearance, fruit color, rots, and incidences of fruit disorders were visually assessed, and mineral nutrient content (N, P, K, Ca, Mg, Al, B, Cu, Fe, Mn, Na, and Zn) was measured. Total N was determined with a Leco FP 228 N Analyzer (St. Joseph, Mich.) and the other nutrient concentrations were made with a Beckman Spectrospan V plasma emission spectrometer (Brea, Calif.). Whole fruit samples were divided into peel and cortex (flesh) wedges for mineral nutrient analysis, using two sections on adjacent sides of the blush side of fruit (Raese and Staiff, 1983) . The core and seeds were excluded.
A model EP1 pressure tester (Lake City, Kelowna, B.C., Canada) equipped with a 7.8-mm head was used to determine firmness on peeled fruit. Juice prepared from pear slices was titrated to pH 8.2 with 0.1 N NaOH and values were expressed as percentage of malic acid. Soluble solid concentration (SSC) was determined with an Abbe-type refractometer calibrated at 20C.
Analysis of variance was conducted by MSTAT (Michigan State Univ., 1988) with Ca sprays as the main plots and spray timing and years of application as subplots with five single-tree replications. Based on significant F values, treatment means were separated by Duncan's multiple range test. No interactions occurred between Ca spray materials and spray timing; therefore, only the main effects are presented.
Results
Fruit weight, fruit Ca, and cork spot. Calcium spray materials had no effect on fruit weight, but five sprays from June to August resulted in smaller fruit than three sprays in June to July or July to August (Table 1) . Fruit weight was influenced by year of spray application and fruit was largest (heaviest) in 1987, when seasonal temperature was highest. Fruit peel Ca concentration was higher on trees sprayed with CaCl 2 than on the controls, while higher fruit cortex Ca resulted from CaCl 2 , Stopit, and Mora-leaf-Ca (Table 1) . Calcium in fruit peel or cortex was lowest from trees receiving the early sprays. Highest concentrations in fruit peel occurred in 1989, while concentrations of Ca in fruit cortex were about equal in 1986, 1987, and 1989 and higher than in 1988 . Best control of cork spot occurred with CaCl 2 sprays, but the incidence of cork spot was apparently not influenced by spray timing. The incidence of cork spot was highest in 1987. Alfalfa greening and black end were present, but they were not as severe as cork spot. However, the incidence of alfalfa greening and black end were significantly higher for the early than late Ca spray treatments (data not shown).
Yield and Ca spray injury. Yield was higher on trees receiving any of the Ca spray treatments than on unsprayed trees (Table 2) . Yield was higher from trees sprayed late with Ca than with early + late sprays. Yield increased each year from 1986 to 1989. More spray injury to leaves occurred on trees sprayed with CaCl 2 or Mora-leaf-Ca + Link Ca than with the other treatments (Table 2) . Leaf injury was more severe on trees sprayed five times (early + late) from June to August than on the others. Most severe leaf injury occurred in 1988 and least in 1986 and 1989. Most severe injury to fruit was observed in the orchard on trees sprayed with Mora-leaf-Ca + Link Ca (Table  2) ; the least spray injury to fruit occurred on trees sprayed early (June to July) and in 1986. After washing and rating fruit samples in the laboratory, fruit spray injury was less from trees sprayed with Stopit or Mora-leaf-Ca + Link Ca than from the CaCl 2 or CaCl 2 + Regulaid treatments (Table 2) . After washing the fruit, injury from sprays was highest for early + late sprays and from trees sprayed in 1989.
Fruit quality. Fruit firmness was not influenced by Ca materials or time of spray and the values ranged from 49.1 to 50.1 N. However, fruit firmness was higher in 1986 and 1989 than in 1987 or 1988 (Table 3) . Neither SSC (12.6 to 12.8), nor titratable acidity (TA) (0.278 to 0.289), nor fruit color ratings (1.6 to 1.9) were different among Ca treatments or time of spray application. But, SSC was highest in 1988, TA was highest in 1986, while fruit color was greenest in 1989 (Table 3) .
Discussion
The importance of adequate Ca in fruit to reduce the incidence of cork spot is shown by the fact that all treated pears had less cork spot than the control and high Ca in the cortex and mild cork spot tended to be associated (Table  1) . Also, fruit with the highest peel Ca from CaCl 2 -sprayed trees had the lowest incidence of cork spot. Importantly, the large fruit of 1987 was associated with lowest peel Ca and highest incidence of cork spot.
Cork spot control was most consistent with CaCl 2 sprays, possibly due to resultant higher Ca rate, than with Stopit, or lack of surfactants that were contained in the other sprays (Stopit, CaCl 2 + Regulaid, or Mora-leaf-Ca + Link Ca). Fruit sprayed with CaCl 2 remained moist for 2 h longer than the others, whereas fruit sprayed with CaCl 2 + surfactants appeared to retain less spray and dried more quickly due to a thinner film, which may have reduced Ca absorption by the fruit.
Yield per tree increased from 1986 to 1989, suggesting a possible carry-over effect from Ca sprays for healthier, hardier fruit buds. Highest Ca concentration in fruit peel occurred in 1989. Apparent injury was most severe on fruit sprayed with Mora-leaf-Ca + : 1986 : = 7 Jan. 1987 1987 = 27 Dec. 1987 1988 = 23 Dec. 1988 1989 = 7 Dec. 1989 Visual rating of fruit, where 1 = green and 5 = yellow color.
x Means within columns separated by Duncan's multiple range test, P ≤ 0.05. less, late sprays resulted in higher fruit Ca concentrations than early sprays and also in higher yield and heavier fruit than early + late sprays. We suggest using five CaCl 2 sprays at ≈3-week intervals from late May or early June to mid or late August as a viable approach for increasing fruit Ca and controlling cork spot. In addition, precautions should be taken to avoid unacceptable spray injury to leaves and fruit when spraying with potentially phytotoxic Ca materials by following recommendations in Cooperative Extension Spray Guides.
Link Ca sprays, but after washing fruit, we considered the spray markings to be acceptable (<3 rating) for marketing the fruit. Stopit sprays injured leaves and fruit the least, possibly due to a lower Ca content in the spray. Although fruit firmness, SSC, TA, and external fruit color were not significantly affected by Ca treatments, differences occurred for fruit quality among years. For example, firm fruit, low SSC, and greener skin of fruit were associated with higher Ca concentrations in fruit peel and cortex. The association of fruit quality with fruit Ca among years rather than with Ca treatment may be attributable to the larger differences in Ca concentrations in the peel between years (450 µg•g ). Because neither early nor late Ca sprays were superior for controlling cork spot, both appear to be important in problem orchards. While early sprays injured leaves and fruit
